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SURYLGHTXDQWLWDWLYHDQGTXDOLWDWLYHLQGLFHVRISODQWURRWGHYHORSPHQW$VVHVVLQJWKHGHJUHHRIGHSHQGHQFHRISODQWVWRV\PELRWLF
DVVRFLDWLRQPD\ UHSUHVHQW DQ LPSRUWDQW VWHS LQ HVWLPDWLQJ WKH VWUHQJWK DQG GXUDELOLW\ RI D VSHFLHV LQ QDWXUDO HFRV\VWHPV7KH
GHJUHH RI FRORQL]DWLRQ LV SDUW RI WKH PHWKRGRORJ\ IRU HVWLPDWLQJ WKH YROXPH H[SORUHG E\ URRW V\PELRWLF IXQJL WKH YDOXH
LQGLFDWLQJWKHDVVRFLDWLYHGHSHQGHQFH)RUYDOXHVRIWKHFRORQL]DWLRQGHJUHHEHORZWKHDVVRFLDWLRQLVFDVXDODQGRYHU
WKH DVVRFLDWLRQ EHFDPHPDQGDWRU\ 7KHVH YDOXHV DUH GXH WR D EDODQFHG IUHTXHQFLHV DQG LQWHQVLWLHV ,Q JHQHUDO GLIIHUHQWLDWHG
IHUWLOL]DWLRQ DQG WUHDWPHQWV DFWV WR LQGLYLGXDOL]H WKH H[SORUDWRU\ UHDFWLRQ RI P\FRUUKL]DV 7KH VWURQJHVW HIIHFWV RI WKH
H[SHULPHQWDOYDULDQWVDUHVHHQDWWKHHQGRIWKHJURZLQJVHDVRQ3ULQFLSDOFRPSRQHQWVDQDO\VLVKLJKOLJKWVWKHVHSDUDWLRQHIIHFWRI
IHUWLOL]DWLRQ DQG LQGLYLGXDOL]HV WKH WUHDWPHQWV RQ JUDSKV 3ULQFLSDO FRPSRQHQWV DQDO\VLV RUGLQDWLRQ RI WKH FRORQL]DWLRQ GHJUHH
VKRZVDQRUPDOL]DWLRQRIP\FRUUKL]DO UHDFWLRQ WR LQWHUDFWLRQ IHUWLOL]DWLRQ[ WUHDWPHQWDQGPD[LPL]H WKHHIIHFWRIH[SHULPHQWDO
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D VWURQJ DQG IDVW UHDFWLRQ WR GLVWXUEDQFHV /LX HW DO  HYHQ DW ORZ OHYHOV ZKLFK PDNHV WKHVH SRZHUIXO
FDQGLGDWHVDVWHFKQLTXHVWRSUHGLFWWKHGLVWXUEDQFHV6XQHWDO9LGLFDQHWDO
7KHLQWUDDQGLQWHUUDGLFXODUH[WHQVLRQRIK\SKDOQHWZRUNLVGLUHFWO\FRUUHODWHGZLWKWKHOHYHOIRUQXWULHQWVLQVLGH
WKHUKL]RVSKHUHDQG WKHDSSOLHG WUHDWPHQWHVSHFLDOO\IRU WKHFRPPXQLWLHVZLWKDKLJKQXPEHURI LQGLYLGXDOV IURP
YDULRXV VSHFLHV ;LDQJ HW DO  7KHVH DVSHFWV RIIHU WKH P\FRUUKL]DV D VSHFLDO LPSRUWDQFH DV LQGLFDWRUV LQ
DVVHVVLQJ WKH XQEDODQFH SDUWLFXODUO\ IRU JUDVVODQG HFRV\VWHPV /LX HW DO  6WLPXODWLQJ WKH DFWLYLW\ RI
UKL]RVSKHUH¶VPLFURIORUDSURYLGHVDSURJUHVVLYHFKDUDFWHUWRWKHHFRV\VWHPVSURFHVVHV3HL\XHWDOLQFUHDVLQJ
WKH XVDJH HIILFLHQF\ RI QXWULWLYH HOHPHQWV DQG HQKDQFLQJ WKH FRYHUDJH RI GRPLQDQW VSHFLHV 7KH PDQDJHPHQW¶V
LPSDFWRYHUWKHYHJHWDWLRQLVPRUHUHGXFHGLQWKHILUVWSKDVHWKDQWKHRQHREVHUYHGRYHUWKHPLFURELDOFRPSRQHQW
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WKH UHDFWLRQ VLPLODULW\GLVVLPLODULW\ RI P\FRUUKL]DO DVVRFLDWLRQ WR WKH H[SHULPHQWDO YDULDQWV ÄYHJDQ´ SDFNDJH
2NVDQHQ HW DO  $QDO\]LQJ WKH GLIIHUHQFHV EHWZHHQ WKH JURXSV ZDV SHUIRUPHG ZLWK 7XNH\ WHVW IURP WKH




7KHIUHTXHQF\RIFRORQL]DWLRQ LQGLFDWHV WKHUDGLFXODUSHQHWUDWLRQUHSRUWHG WR WKHH[WHQWRI WKHUDGLFXODUV\VWHP
ZKLOHWKHLQWHQVLW\RIIHUVFOXHVRYHUWKHGHSWKRIWKHK\SKDOV\VWHP¶VGHYHORSPHQWLQWKHFRORQL]HGVHJPHQWV7KH
GHJUHHRIFRORQL]DWLRQGHVFULEHV WKHUDGLFXODUYROXPHRFFXSLHGE\WKHP\FRUUKL]DVQRUPDOL]LQJWKHGDWDREWDLQHG
IURP IUHTXHQF\ DQG LQWHQVLW\ DQG LQGLFDWLQJ WKH GHSHQGHQFH WRZDUGV WKH V\PELRWLF DVVRFLDWLRQ )LJ  7KH





7KH V\PELRVLV KDV DQ RSWLRQDO FKDUDFWHU LQ QXWULWLRQDO VWUHVV SHULRGV DQG LW¶V PDLQWDLQHG DW D GHJUHH RI
FRORQL]DWLRQRIZKLFK DOORZV WKHSODQW WR FRQWURO WKH FRORQL]DWLRQ DQG WKHQXWULWLYH HOHPHQWV WUDQVIHU WR WKH
IXQJDOSDUWQHU)LJXUH)RUDGHJUHHRIFRORQL]DWLRQRYHUZLWKEDODQFHGYDOXHVRIIUHTXHQF\DQGLQWHQVLW\
WKH V\PELRVLV KDV DPDQGDWRU\ FKDUDFWHU DQG WKH DVVRFLDWLRQ RI WKH WZR SDUWQHUV LV VWURQJ ,Q WKH FRQGLWLRQV RI
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QXWULHQWV IOXFWXDWLRQ HQYLURQPHQWDO FRQGLWLRQV KXPLGLW\ DQG WHPSHUDWXUH LQ WKH VRLO WKHP\FRUUKL]DO DVVRFLDWLRQ
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Note: Margins sharing a letter in the group label are not significantly different at the p<0.05 level
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PRGHUDWH DQG FDVXDO$PRQJ WKH H[SHULPHQWDO YDULDQWV WKRVH LQFOXGHG LQ FOXVWHUV' DQG' KDYH DQ RSWLRQDO
PDQGDWRU\V\PELRVLVFKDUDFWHULQGLFDWLQJWKHVWURQJP\FRUUKL]DODVVRFLDWLRQDWWKHHQGYHJHWDWLRQSHULRG7DEOH
7KH H[WUHPH FDVH LV WKDW RI UHGXFHG SHQHWUDWLRQ FDSDFLW\ DQG LQWUDUDGLFXODU GHYHORSPHQW FOXVWHU %&' ±
IUHT LQW FGHJ 7KHLQGLYLGXDOFKDUDFWHURIHDFKFOXVWHUGLIIHUVVLJQLILFDQWO\ WR WKHRWKHUV
XQGHUOLQLQJ WKH GLVVLPLODULW\ EHWZHHQ WKH FRPELQDWLRQV IHUWLOL]DWLRQ [ WUHDWPHQW VXSHUSRVHG RQ HDFK YHJHWDWLRQ
VHTXHQFH
,Q WKH VHFRQG H[SHULPHQWDO \HDU WKH FRORQL]DWLRQ IOXFWXDWLRQV DUH PRUH REYLRXV HDFK OHYHO RI VHSDUDWLRQ RI
FOXVWHUVEULQJLQJQHZLQIRUPDWLRQUHODWHGWR WKHDVVRFLDWLRQ¶VTXDOLW\)LJXUH7DEOH$JURXSLVQRWLFHGIRUD
ODUJHQXPEHURIVDPSOHVLQWKHVHFRQGYHJHWDWLRQVHTXHQFHLQKRPRJHQRXVDQGVWDEOHFOXVWHUVVWDELOH567±
IUHT LQW FGHJ 
7KH VWDWLVWLFDO GLIIHUHQFHVEHWZHHQ WKHFOXVWHUV DUHPRUHYLVLEOH DW WKH OHYHORI UDGLFXODU FRORQL]DWLRQ LQWHQVLW\
WKDQRIIUHTXHQF\7DEOH6WLOODKRPRJHQRXVJURXSLVQRWLFHGIRUWKHYDULDQWVLQWKHPD[LPXPYHJHWDWLRQSHULRG
VWDEOH LQ H[SORUDWLRQ 78 ZLWK PHGLXPKLJK SRWHQWLDO RI UDGLFXODU SHQHWUDWLRQ EXW ORZ YDOXHV RI WKH LQWUD
UDGLFXODUGHYHORSPHQW7KUHHYDULDQWVKDYHWKHSRWHQWLDOWRPDLQWDLQWKHV\PELRVLVTXDOLW\WRDQRSWLRQDOPDQGDWRU\
OHYHO FOXVWHU8XQIHUWLOL]HG[PXOFKHG)7RUJDQLFPLQHUDO IHUWLOL]DWLRQ[IXQJLFLGH )7DQGDVK[=LQF
VXOSKDWH)7DOODWWKHHQGRIWKHYHJHWDWLRQSHULRG)LJXUH
)RUWKHFRORQL]DWLRQIUHTXHQF\)LJXUHDWKHPRVWLPSRUWDQWWUHDWPHQWVDUHPXOFKLQJDQGDOORZLQJWKHSODQWVWR
JURZ XQGLVWXUEHG 7DEOH  $SSO\LQJ IHUWLOL]DWLRQ HYHQ ZLWK VPDOO 1LWURJHQ TXDQWLWLHV ) ) ) ) ) LV
VXSHUSRVHG RYHUPXOFKLQJ DQGPRZLQJ LQ WKH ILUVW YHJHWDWLRQ VHTXHQFHZLWK WKHPDLQWHQDQFH RI YDULDQFH LQ WKH
UHGXFHGKRUL]RQWDOSODQ$WWKHHQGRIYHJHWDWLRQSHULRGWKHUHDFWLRQWRIHUWLOL]DWLRQDQGWUHDWPHQWLVPXFKVWULQJHU
HDFK W\SH RI IHUWLOL]DWLRQ VHQVLWL]LQJ WKHP\FRUUKL]DV WR D FHUWDLQ WUHDWPHQW (XURIHUWLOPH]RFDOF ) DWPRZLQJ
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7KH P\FRUUKL]DO FRORQL]DWLRQ LQWHQVLW\ YDULHV VWURQJO\ WR WUHDWPHQW DSSOLFDWLRQ JUHDWO\ LQIOXHQFLQJ WKH
IHUWLOL]DWLRQ YDULDQWV 7DEOH  )LJ E 0XOFKLQJ SURGXFHV UHDFWLRQV RI LQWHQVLW\ WR YDULDQWV IHUWLOL]HG RUJDQLF
PLQHUDO)RUZLWKDVK)LQPD[LPXPYHJHWDWLRQSHULRG$WWKHVDPHYHJHWDWLRQSHULRGWKHRUJDQLFIHUWLOL]DWLRQ







3& 3& &RQWURO 0RZLQJ =QVXOSK 0XOFKLQJ )XQJLFLGH
Freq % 3&$       
Int % 3&$       
Cdeg % 3&$       
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

$QDO\]LQJWKHGHJUHHRIFRORQL]DWLRQE\3&$W\SHRUGHULQJUHYHDOVDQRUPDOL]DWLRQRIP\FRUUKL]DOUHDFWLRQWRWKH
LQWHUDFWLRQ WUHDWPHQW [ IHUWLOL]DWLRQ EXW DOVR D PD[LPL]DWLRQ RI WKH HIIHFW RI H[SHULPHQWDO JUDGXDWLRQ 7DEOH 
)LJXUHF$SSO\LQJ IXQJLFLGHV LVYHU\ZHOO VXLWHGRUJDQLFPLQHUDO IHUWLOL]DWLRQ )) DW WKHHQGRIYHJHWDWLRQ





$SSO\LQJ FOXVWHU W\SH DQDO\VLV LQGLYLGXDOL]HV WKH JURXSVZLWK VLPLODU UHDFWLRQV WR WUHDWPHQWV DQG H[SHULPHQWDO
IHUWLOL]DWLRQ
6HOHFWLQJ WKH YDULDQWV ZLWK PD[LPXP VXFFHVV PD\ EH SHUIRUPHG EDVHG RQ WKH LQIOXHQFH OHYHO RI D FHUWDLQ
LQGLYLGXDOIDFWRURUDVDQDPSOLILHURIDFRPSOH[IDFWRUVV\VWHP
7KH FRQFHSW RI VKRUW WHUP KLJK H[SHULPHQW FDQ EH VXFFHVVIXOO\ DSSOLHG LQ WKH DVVHVVPHQW RI P\FRUUKL]DO
IOXFWXDWLRQVGXHWRWKHPDQDJHPHQWDSSOLHGLQJUDVVODQGV
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